Introduction: reliability of mortality data is essential for health assessment and planning. In Brazil, a high proportion of deaths is attributed to causes that should not be considered as underlying causes of deaths, named garbage codes (GC). To tackle this issue, in 2005, the Brazilian Ministry of Health (MoH) implements the investigation of GC-R codes (codes from chapter 18 "Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified, ICD-10") to improve the quality of cause-of-death data. This study analyzes the GC cause of death, considered as the indicator of data quality, in Brazil, regions, states and municipalities in 2000 and 2015. Methods: death records from the Brazilian Mortality Information System (SIM) were used. Analysis was performed for two GC groups: R codes and non-R codes, such as J18.0-J18.9 (Pneumonia unspecified). Crude and age-standardized rates, number of deaths and proportions were considered. Results: an overall improvement in the quality of mortality data in 2015 was detected, with variations among regions, age groups and size of municipalities. The improvement in the quality of mortality data in the Northeastern and Northern regions for GC-R codes is emphasized. Higher GC rates were observed among the older adults (60+ years old). The differences among the areas observed in 2015 were smaller. Conclusion: the efforts of the MoH in implementing the investigation of GC-R codes have contributed to the progress of data quality. Investment is still necessary to improve the quality of cause-of-death statistics.
INTRODUCTION
Analysis of cause of death is essential for assessing the population's health situation, thus defining priorities for public health. Despite it representing the most important aspect of vital statistics for supporting actions of public health authorities, useful cause of death (COD) information is not available in many countries 1 . Inequalities in the registration of vital events are substantial, and some of the poorest countries have no official birth or death certificates 2 . Most of developing countries do not have a complete vital registration system, in which deaths receive a death certificate filled in by a physician 1 .
Many methods have been developed to assess the quality of a country's health information system. A traditional criterion to analyze the quality of vital statistics is the proportion of deaths from chapter 18 of the International Classification of Diseases -10 th revision (ICD-10), traditionally named Ill-defined causes of death [3] [4] [5] . The Global Burden of Disease Studies (GBD), which is responsible for generating health estimates for several countries using standardized analytical methodology for improving data quality, has the redistribution of underlying causes of death considered as garbage codes (GC) as a step in the treatment of the mortality data to obtain more accurate information. GCs are the ill-defined CODs or those that should not have been classified as an underlying cause. They include not only the codes of chapter 18 Symptoms, signs and abnormal clinical and laboratory findings not elsewhere classified, but also codes from other chapters not considered important for planning in public health such as J18.0-J18.9 (Pneumonia unspecified), A40.0-A41-9 (Sepsis) and C80.0-C80.9 (Malignant neoplasm without specification of site), since they do not provide satisfactory definition of actions in public health for the prevention and control of diseases and health problems 6 . A much more detailed and extended analysis of the concept was conducted by Mohsen Naghavi and colleagues in 2010, who classified the GCs in four categories with comparability across ICD revisions 7 . New revisions were published in the GBD 2010 study and following GBD studies 8, 9 . Analysis of GCs says a lot about the quality of vital statistics in populations 7, 10 .
In Brazil, the quality of mortality data was very poor before the 1980's, with high underreporting of deaths. COD used to be collected only in some cities using different forms of death certificates (DC) 11, 12 . The Brazilian Mortality Information System (Sistema de Informações sobre Mortalidade; SIM) was created in 1976 by the Ministry of Health (MoH), with the responsibility of collecting COD based on a standard World Health Organization (WHO) DC issued by physicians 11 .
Since the beginning of the SIM, the MoH has promoted measures to strengthen the health system, including the quality of mortality data in Brazil 11 . After 2005, the Program "Reduction of the percentage of deaths due to ill -defined causes of death" focused especially on the country's Northern and Northeastern regions and initiatives have been developed by the MoH. Since then, several strategies have been implemented and expanded in Brazil such as the investigation of deaths due to ill-defined causes (R-codes) in hospitals and at home by municipal health workers, the implementation of the National Network of Death Verification Service, and suspension of federal funding to municipalities if the entrance of data into the SIM was not in accordance with the expected targets and within the defined deadlines, among other initiatives [13] [14] [15] [16] [17] . Considering the importance given to the quality of vital statistics, this study analyzes underlying causes of death assigned as GC, which are considered an indicator of data quality in Brazil, regions, states and municipalities, in 2000 and 2015.
METHODS
The source of data was the public database from SIM in 2000 and 2015, which included more than 2 million deaths with information classified according to the sex, age, city of residence and cause of death. We selected the years 2000 and 2015, before and after the implementation of the MoH initiative of investigation of ill-defined causes of death, which had population estimates corrected at the municipal level.
To analyze geographic inequalities in Brazil, the data was analyzed according to the following groupings: a) Geographical regions (North, Northeast, Central West, Southeast and South); b) 26 states and one Federal District; c) 4 groups of municipalities according to size as follows: 1. 20,000 inhabitants or less (n = 3,879); 2. 20,001 to 100,000 inhabitants (n = 1,406); 3. 100,001 to 500,000 (n = 247); and, 4. more than 500,000 inhabitants (n = 38).
Besides the five traditional Brazilian regions and states, analysis was also presented according to municipalities, as they are also responsible for population health care 18 . Population size was justified due to the complexity of the health system and the criteria for federal and state funding -larger population size municipalities receive larger funding 19 . Although the number of small-sized municipalities is disproportionately greater than medium and large in all Brazilian states, human and financial resources for surveillance functioning are limited 20 .
Deaths registered in the SIM in 2000 and 2015 were classified as GC according to the GBD 2015 study list 9 and divided into two groups for analysis in this study: a. GC ill defined (R codes), which are from the chapter 18 of the ICD-10 and include all R codes except R95; and b. GC other chapters (Non-R codes), from all other chapters of the ICD-10.
Number of deaths of GC for mortality rates were estimated after missing data and underreporting were corrected. Unknown sex, age and local of residence were proportionally reallocated using "pro rata" redistribution by year. Underreporting of deaths was corrected using factors generated by the ratio between the estimated number of all-cause mortality from the GBD 2015 study 9 and all number of registered deaths from SIM, according to age, sex and local of residence. The GBD study does not conduct analyses at the municipal level, so we could not correct underreporting at this level.
Population data for age, sex and municipalities were obtained from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística; IBGE), Interagency Network for Health Information (Rede Interagencial de Informações para a Saúde; Ripsa) 21 and The Ministry of Health estimates (a) . Geographic areas were aggregated according to the size of municipalities observed in 2010, year of the last population census in Brazil.
Age-standardized mortality rates, per 100,000, were estimated by the direct method using the world's population from GBD 2015 9 as reference. For individual municipalities, we used crude mortality rates, i.e., number of deaths divided by each municipality population, per 100,000. The approximate 95% confidence interval (95% C.I.) for age-adjusted death rates were estimated for Brazil, regions and states 22 .
To visualize the geographical distribution of changes in GC groups in states and municipalities between 2000 and 2015, the percent changes (PC) of mortality rates were estimated as follows: 
RESULTS
In 2000 and 2015, 946,960 and 1,264,176 Brazilians' deaths were registered in SIM, respectively. Among these deaths, 41.3% were reported as GC in 2000 (27.0% by Non-R codes and 14.3% by R codes) and 33.3% in 2015 (27.6% by Non-R codes and 5.7% by R codes). Differences in the proportion of GC-R codes among regions in 2000 were larger, ranging from 6.3%, in the South, to 28.2%, in the Northeast, while in 2015 the proportions were more homogeneous: 2.9% in the Central West and 7.9% in the North, as shown in Table 1 . The top five ICD-10 codes of COD in the GC-non-R codes group for both years were: I64 -Stroke, not specified as hemorrhage or infarction (n = 84,353 deaths, 3.8% of total deaths); J189 -Pneumonia, unspecified organism (n = 65,516 deaths, 3.0% of total deaths); I10 -Essential (primary) hypertension (n = 33,138 deaths, 1.5% of total deaths); I500 -Congestive heart failure (n = 28,426 deaths, 1.3% of total deaths); and, A419 -Sepsis, unspecified organism (n = 28,004 deaths, 1.3% of total deaths). Except for R code group in 2015, men showed smaller proportions of GC than women. Deaths among older people (70+ years old) showed the highest number of total deaths and the highest proportions of GC causes of death among women and men. We should note the lowest proportions in larger municipalities (500,000 and more inhabitants) for GC-R codes.
The Table 2 shows the overall decrease in age-standardized mortality rates due to garbage codes. Mortality due to GC-R codes decreased from 150.2 to 47.3 deaths per 100,000 inhabitants between 2000 and 2015, representing a 68.5% reduction, while the mortality due to GC-non-R codes decreased from 255.2 to 225.7 deaths per 100,000 inhabitants between 2000 and 2015, representing a 11.5% reduction. All the regions showed a decrease in the R code rates in 2015 when compared with 2000 -the Northeastern region had the highest reduction (75.4%) and the South the smallest (52.8%). On the other hand, GC-non-R codes showed higher proportions in 2015 than in 2000 in two regions, Northeast and North, while the other regions showed a less pronounced decrease in GC-non-R codes than in GC-R codes.
Women showed smaller age-standardized mortality rates due to garbage codes than men in both years. The age-standardized rate of GC-R codes in women was 122.8 deaths per 100,000 inhabitants in 2000 and 36.0 deaths per 100,000 inhabitants in 2015, representing a 71% reduction. Men showed 183.9 and 60.9 deaths per 100,000 inhabitants in 2000 and 2015, respectively. For GC-non-R codes, women had 214.4 deaths per 100,000 inhabitants in 2000, decreasing to 188.0 deaths per 100,000 inhabitants in 2015, representing a 12% reduction. Men had 301.6 in 2000 to 272.8 deaths per 100,000 inhabitants in 2015, representing a 10% reduction (rates not shown by sex in Table 2 ).
Analysis by age grouping showed that older people presented the highest rates of mortality due to garbage codes, and the 5 to 14-year-old-age group presented the lowest. The greatest reductions were observed in the age group of under 5 years old: −89% and −56% for GC-R codes and GC-non-R codes, respectively. Only GC-non-R codes in the group over 70 years old showed an increase of 7%, from 2,067.6 deaths per 100,000 inhabitants in 2000 to 2,219.3 in 2015).
Regarding the size of municipalities, the age-standardized mortality rates due to GC in 2000 presented higher values than in 2015, except for the GC-non-R codes group for 0-20,000 and 20,001-100,000 inhabitants, as shown in Table 2 . In 2000, the rate of non-R codes in the 0-20,000 population group increased from 200.4, in 2000, to 212.2 deaths per 100,000 inhabitants, in 2015. For municipalities with 20,001-100,000 inhabitants, GC-non-R code rates increased from 237.8 to 239.4 deaths per 100,000, from 2000 to 2015 (overlapping confidence intervals). Big cities with 500,000 inhabitants or more showed the lowest values for GC-R code rates.
At the State level, high age-standardized mortality rates were observed in 2000 for both groups of GCs, as shown in Table 3 . From the 16 states of the Northeast and North, 11 showed higher rates of GC-R codes than GC-non-R codes in 2000 (Acre, Alagoas, Amazonas, Bahia, Maranhão, Pará, Paraíba, Pernambuco, Piauí, Rio Grande do Norte, Sergipe). In 2015, all R code rates were lower than the non-R code rates. Moreover, R code rates decreased in all states, which was not observed in the non-R code group. The percent change of GC-non-R code increased in most of the North and Northeastern states. At the municipality level, good results in percent changes of mortality rates of R codes can be seen in 2015 when compared with 2000, as shown in Figure 1A . Almost all municipalities presented green color, representing a decrease in the rates in 2015. On the other hand, Figure 1B showed that the non-R-code group of GC rates did not show as good results as the R-code -red colors stand out more than the green, indicating an increase in the rates for most municipalities in the country. 
DISCUSSION
To the best of our knowledge, this is the first study that analyzed the quality of mortality data due to underlying causes of death assigned as GC in Brazil. Generally, substantial progress has been seen in the quality of mortality data, which indicates improvements due to MoH initiatives. However, our results have also revealed important heterogeneity throughout the country while the analysis of GC groups considered the regional level in 2000 and 2015. The decrease in fractions and in age-standardized rates of mortality due to GC-R codes in 2015, corroborates the results concerning the decrease of ill-defined causes of death in Brazil 23 , especially in the Northeastern and Northern regions.
Investigation methods of GC-R codes in Brazil have been performed since 2005 by municipal surveillance teams using information on the deceased's terminal disease obtained from hospitals, from the Family Health Strategy -FHS records, and other health services 13, 14 . Moreover, data from routine national information systems such as the Disease Notification Information System and the Hospital Information System, autopsy data from the Death Verification Service for natural causes, and from forensic institutes were also used. Household interviews were conducted with the deceased's family by a qualified health professional when these sources were not sufficient to identify the cause of death. Since 2009, a standardized verbal autopsy (VA) form from WHO was implemented in the whole country, and the cause of death of the VAs were certified by a physician 24 . The Northern and Northeastern regions were prioritized in this project, and our findings indicate positive results obtained by the MoH 18 .
Percent changes of GC-R code rates between 2000 and 2015 have shown a reduction in all states, also indicating successful results in the investigation of ill-defined COD. Despite it showing less variability in 2015, GC-R code rates were lower in smaller municipalities in both years. However, caution in inferences is necessary, as corrections of the underreporting of deaths in the SIM data for this geographic level were not applied. For state and national level, we applied the correction of underreporting considering all causes of death, not only for GC causes of death, assuming same proportions of causes among reported and non-reported deaths, although some causes such as injuries could have different distribution 25 .
The quality of vital statistics presents geographic and socioeconomic differences. These statistics are of a higher standard in more affluent regions 26 . In addition, more is invested in health to larger and more developed areas, which provides a better quality in the definition of COD 27, 28 . The decentralized primary health care program from the MoH, the FHS, may be responsible for reducing the number of unattended deaths and registered ill-defined COD in small municipalities, recently. FHS coverage has increased in the country and has included more rural areas, with a higher coverage than in urban areas 29 .
In addition to the possibility of verifying the situation in quality of mortality data at a more specific level, the analysis by municipalities is interesting since we could better visualize the real situation of GCs throughout the country, even in smaller areas. The highest percent change of rates between 2000 and 2015 occurred in the smallest municipalities, which reinforces the importance of the decentralized interventions undertaken by the MoH 3 .
Concerning age groups, the proportion of deaths assigned as GC R-codes and GC-non-R codes vary in groups and years, always demonstrating higher values within the older adult groups. Likewise, mortality rates have shown higher values, except for under 5-year-old group. Naghavi et al. and other researchers also found higher values of GCs for infants of 1 to 4 years old and for older adults over 60 years old 7, 30, 31 . Older people have multiple morbidities, therefore the underlying diagnosis is more difficult, which may explain the increase of GC in these age groups 32 .
Except for GC-R codes in 2015, higher values of GC groups are observed for women than men when we analyze the proportions according to sex. On the other hand, higher age-standardized mortality rates have been observed more in men than in women. Causes of death should be better defined for men due to the higher occurrence of external causes. External causes are assigned by coroners after performing autopsies, or after investigating the circumstances of injuries in police reports 33 .
In this study, other analysis concerning the GC-non-R codes are also essential to the quality of mortality data. Those codes have not decreased as GC-R codes. The Northern and Northeastern regions have not presented a negative percent change of GC-non-R codes, which were not routinely investigated by health services 14 . One hypothesis that should be studied is that occasionally the investigated GC-R code cases had their underlying cause of death changed to codes belonging to the GC-non-R code group.
Studies using methods for correcting underreported deaths and redistributing GCs have recently increased, since robust methodologies were developed by groups of researchers 5,7-9 . These studies are essential for minimizing errors in mortality data analyses, but statistical methods and even the GC investigation cannot properly solve the problem concerning correct assignment of the individual underlying cause of death. The best way to guarantee more accuracy with estimates is a correct definition of COD by a physician. Thus, a physician's training in medical certification of cause of death should be implemented throughout the country to enable a sustainable replacement of the GC investigation.
In summary, our findings demonstrate the magnitude of GCs of mortality data in Brazil and indicate successful results of strategies to qualify the information on COD. Despite the effectiveness in the efforts of MoH to improve the quality of vital statistics, focusing on health professionals awareness is still necessary, especially physicians. More in-depth knowledge on the situation of GCs, and the correct filling out of death certificates at local levels, in hospitals and other institutions should be prioritized.
CONCLUSION
The findings of this studies showed the magnitude of GC in Brazil and indicate that investigation of deaths assigned as GC-R codes have been effective and would impact the GC amount. Further studies should be encouraged to improve the knowledge of COD quality in Brazil, especially for the GC-non-R-code group, focusing on the Northern and Northeastern
